Abstract. Evidenoe is presented that phorbic acid is formed in the latex producing cell system, rather than in photosynthetic or chlorophyll-free tissues of Euphorbia resinifera Berg.
The structure of phorbic acid, figure 1, and the fact that the acid appears in succulents where a typical succulent metabolism has been observed engendered further investigation of its biosynthesis and of some of the physiological aspects of its formation. 
Materials and Methods
Experimental plants were heavily branched 30 cm specimens of the stem succulent Euphorbium resinifera Berg raised in a local nursery. Cutting or 1 Present address: Institute of Pharmacy, University of Oslo, Oslo 3, Norway. 78 breaking of the thorns, or small incisions in the surface of the plant caused a vigorous flow of white latex. The rectangular section of the branches is divided into bark and wood (mainly pith) by means of a dark dotted line that can be observed with the naked eye. Microscopic examination of the cross section showed that only the outer part of the cortex contains chlorophyll, while the latex vessel system is concentrated in the phloem tissue in the inner part of the cortex. The dotted line that was observed with the niaked eye between the cortex and the pith consists of small vascular bundles. The pith is made up from parenchymatic chlorophyll-free cells. The fresh plant material was fixed with 95 % boiling ethanol (10-20 volumes) and then extracted with boiling water (about 10 volumes). The combined extracts were evaporated in, a N., stream at 40 to 500 to a volume approximating that of the original tissue.
The radioactive extracts were usually subjected to 2-dimensional paper chromatography and radioautography as the first method of investigation. Both Whatman No. 1 and No. 4 paper were used, and unless otherwise stated, water-saturated phenol water (100:39 w/w) was used as the first solvent and butanol-propionic acid-water (8:18:12 v/v) as the second. Further resolution of components or mixtures from these chromatograms was effected usin,g thin layer chromatography, paper electrophoresis, and gas chromatography. Thin layer chromatography was mainly used for the resolution of phorbic acid and its lactones. For this purpose the plates (20 X 20 cm) were coated with silica gel-G, and acetic acid-n-pentanol (1:1) or n-butanol-acetic acid-water (12:3 :5 v/v) served as developing solvent (6 The jar was first kept in the dark (18°) for 22 hr, whereafter it was kept at 12 hr alternate periods of light and dark. The light intensity outside the flask was about 5000 ft-c and the temperature in the room during the experiment was about 230.
The first part of the experiment lasted for 7 days (including the first dark period). The flask was then carefully opened. Excess of '4CO2 was trapped with a filter paper moistened with 1 N KOH, and 2.0 g of the lower part of the branch was excised for extraction and analysis (extract 1). The flask which contained about 1.5 ml of water inside, was washed and dried. The plant which during this first part of the experiment had lost about 4.0 g, appeared healthy except for a few small brown spots on the sides. It was put back to the jar, and the experiment was continued under the same conditions as before, this time in air containing 14CO. generated from 7.2 mg Ba14CO0.
The second part of the experiment was stopped after 8 more days. The plant which was then entirely dried up (weight, 0.6 g), was extracted with warm water and ethanol, and the extracts combined and concentrated for analyses (extract 2).
Radioautograms of the 2 *extracts, based on 2-dimensional paper chromatogram of the extracts, were very similar. As expected a wide variety of products from different groups of compounds such as carboxylic acids, amino acids and sugars were observed. Paper electrophoresis at pH 6 revealed much overlapping, especially of amino acids with the common monosaccharides and sucrose.
A dominant spot located between the normal positions of the glutamic acid and the glucose spot attracted much interest. Paper electrophoresis (pH 6) showed that only a minor part of the activity was amino acid, while about 80 % of the activity migrated to the anode with nearly the same mobility as citric acid. Comparative analyses carried out later on with this compound and the radioactive lactones of phorbic acid isolated in experiment No. 4 from the fresh latex of the plant, showed that the substance in question is identical with one of the phorbic acid lactones, probably the dilactone. 3) . 3) .
Inivestigations of the
It showed glycosidic properties '(see below) and was a major radioactive compound of the latex at the end of the experiment. Table T Phorbic acid-l4C solution, 25,000 cpmi was deionized (Dowex 50-H+) and evaporated to dryness in a N., stream. The residue was purified, esterified as in experiment 3. and concentrated to 5 Ml. A 1.5 ,ul aliquot, mixed with 0.1 MJ of the monomethyl ester of phorbic acid dilactone, gave the gas chromatogram shown in figure 4 . In the figture the slight difference in the positions of the peaks (of phorbic acid) showing mass and radioactivity resulted from offset of the 2 recording pens. This taken into account, the curves correspond exactly. The 2 peaks in dotted lines, figlure 4, show the location of malic acid dimethyl ester and citric acid trimethyl esters chromatographled under the same conditions. The experiment sboxvs that the complex referred to as the "phorbic acid area", represents a miixture of phorbic acid and its lactones which utpon lactonization and esterification is converted into the mono- methyl ester of the dilactone, the compound recorded on the gas chromatogram.
The Lipid Area. The "lipid area" (cf. fig 3) was cut out and extracted with chloroform-methanol (2:1). The extract was subjected to the usual deacylation procedure (7) , but only a slight hydrolysis took place. The extract also resisted strong acid and basic hydrolysis (1 N HCl or 0.2 M\ methanolic KOH for 3 hr at 1000 in a sealed tube). This indicates that the main constituents of the lipid area are related to or identical with the triterpenoid compounds (euphol, euiphorbol, etc.), that have been isolated from the latex of several euphorbiaceotus plants including Eutphorbia resinifera Berg (8, 9, 10) .
The "Glycoside" Spot. Paper chromatography. It exhibited a characteristic tendencv to form several chromatographic components as a result of lactonization. For this reason it is perhaps more correct to refer to the "phorbic acid areas" than to a phorbic acid spot, in describing its chromatographic coordinates (cf. figs 1 and 3 and the experimental part of the paper). The readiness with which the lactones of phorbic acid open and close makes it difficult to recognize this acid in chromatograms of biological materials.
As nmay be noted in figure 3 and table I a rather large part of the latex radioactivity was located in the lipid area of the chromatogram. It consisted mainly of nonsaponificable compounds, probablyidentical with the type of triterpene compounds that make up a significant part of the latex from Euphorbia resinifera and other euphorbiaceous plants (8, 9, 10) .
A third dominant, radioactive spot. RF 0.80; 0.40 (phenol-water; butanol-propionic acid-water), recorded in the latex, was located between the phorbic acid and the lipid areas. A preliminarv investigation revealed that this compound has glvcosidic properties. It will be referred to below as "the radioactive glycoside" or "the glvcoside spot" (cf. fig 3) . After 40 days. the radioactivity in these 3 areas comprised about 80 % of the total activity of the fresh latex sample applied at the origin of the chromatogram. In contrast, chromatograms of the total extract of a branch after only 6 days metabolism revealed at least 25 components. There exists a significant difference in the composition of the latex and the rest of the plant and it appears that phorbic acid is actually a secondary metabolic product synthesized in the specialized latex producing vessels of the Euphorbiaceae.
Discussion
The initial objective of the present investigations was to study the possible role of phorbic acid in the diurnal fluctuations of the organic acid content which has been observed in many succulents. It was presumed that the high concentration of phorbic acid in Euphorbium in the stem succulent Euphorbium resinifera was located in the assimilating tissue and therefore closelv associated with CO., fixation. It was found that phorbic acid is not readily formed during CO2 fixation in the dark or in the light as are malic, citric, and other acids typical of "succulent metabolism" but is produced separately in the latex vessel system. Its precursors are not yet known but must be derived from the surrounding tissues. Mentzer (11) 
